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Description

CROSS-REFERENCE TO PRIORITY APPLICATION

[0001] This application claims the benefit of U.S. provisional Application No. 61/593,556 filed February 1, 2012.

FIELD AND BACKGROUND OF THE INVENTION

[0002] The present invention relates generally to boiler economizers for maximizing heat transfer from hot products
of combustion to water, and in particular to economizer bank arrangements where hot banks and cold banks are arranged
next to each other so that a water coil air heater (WCAH) can be used without requiring multiple banks in series relative
to the gas flow.
[0003] Economizers and air heaters perform key functions in energy generation by increasing overall boiler thermal
efficiency by recovering energy from flue gas before it is exhausted to the atmosphere. Typically for each 278 K (40 F)
that the flue gas is cooled by an economizer - sometimes in conjunction with an air heater - overall boiler efficiency can
increase by about 1%. Economizers typically recover energy by using heat from partially-cooled flue gas to preheat
feedwater before the feedwater continues on to a boiler for further heating. Water heated in an economizer can also,
optionally, be routed through an air heater.
[0004] Air heaters preheat combustion air to enhance the combustion of many fuels. For example, supplying preheated
air is critical for pulverized coal firing. It contributes to drying coal and to promoting stable ignition. Recycling heat into
a furnace via an air heater is another a way of increasing boiler efficiency by reducing the amount of heat energy vented
to the atmosphere.
[0005] In comparison to furnace water walls, superheaters, and reheaters, economizers and air heaters normally
require a large amount of heat transfer surface per unit of heat transferred. This is because of the relatively small
difference between the temperature of the (already significantly cooled) flue gas and the temperature of the feedwater
and/or the combustion air, which receives the heat. Normally heated flue gas from a heat source, such as a furnace,
first passes through superheaters and/or other heat transfer devices before reaching an economizer. By the time the
flue gas reaches the economizer, it has already passed much of its original peak heat energy to other heat transfer
devices, so its temperature becomes lower. The purpose of the economizer is to harvest and recycle what excess heat
remains.
[0006] Economizers are primarily heat transfer surfaces used to preheat boiler feedwater before it enters, for example,
a drum or a furnace surface, depending on the boiler design. Economizers typically include a number of tubes. The
tubes may have fins or other structures to increase their heat absorption from gas passing over the tubes. The term
"economizer" comes from early use of such heat exchangers to reduce operating costs or economize fuel usage by
recovering extra energy from flue gas. Economizers also reduce the potential of thermal shock, drum level fluctuations,
and water temperature fluctuations entering boiler drums or water walls.
[0007] Economizers can be used in a variety of applications, including various types of power plants and boilers,
including process recovery boilers used in the paper pulp manufacturing industry. The standard practice has been to
arrange long flow economizer surfaces across the full width of a boiler or other spaces where heated gas is routed.
[0008] To further improve efficiency (by increasing water to flue gas temperature differentials), heat can be removed
from economizer feedwater via the addition of a WCAH in the feedwater flow path between separate cold and hot
economizer banks. The WCAH improves economizer performance by removing and recycling some heat from the
circulating water within the economizer process, thereby increasing the water to gas temperature differential when the
water enters a successive (hotter) economizer bank. This increased temperature differential increases total heat ab-
sorption by the circulating water, and that increased heat absorption increases boiler efficiency more than the efficiency
of an economizer without a WCAH unit. See Figure 1, which shows a typical prior art arrangement of a cold bank
economizer 22, a WCAH 30, and a hot bank economizer 24. In this arrangement, feedwater enters a cold bank economizer
22 at a feedwater inlet 40. While passing through cold bank economizer 22 feedwater absorbs heat energy from the flue
gas flow 4 as the flue gas flows through the cold bank economizer 22. Feedwater subsequently flows through a WCAH
30, wherein a portion of the heat energy absorbed from the cold bank economizer is rejected to an air stream. The cooled
feedwater subsequently absorbs additional heat energy from the flue gas flow 4 as the flue gas flows through the hot
bank economizer 24. The air heated by the WCAH 30 can, for example, be used to improve fuel ignition and combustion
in a furnace.
[0009] A problem with the prior art design shown in Figure 1 is that it requires two full long flow economizer banks
placed in series relative to the gas flow 4. Notice that each bank spans all or nearly all of the distance between the first
side economizer wall 6 and the second side economizer wall 8 across the path of the flue gas flow 4. The first side
economizer wall 6 and second side economizer wall 8 enclose the economizer banks. Thus, without at least two separate
long flow economizer banks, a WCAH 30 cannot be installed in the feedwater flow path between cold and hot banks.



EP 2 809 991 B1

3

5

10

15

20

25

30

35

40

45

50

55

See also Fig. 2 (showing a perspective drawing of a prior art economizer with a single continuous collection header fed
by many mini-headers) and Fig. 3 (a plan view of a prior art wall-to-wall cold bank economizer).
[0010] A WCAH can theoretically be installed upstream or downstream of a single bank economizer, but will offer only
nominal boiler efficiency improvement if it is not between two economizer banks in the feedwater flow path. A WCAH
cannot, however, be installed at an intermediate location using a single traditional long flow (e.g. mini-header) type
economizer bank. This is because the typical mini-header design feeds the mini headers 28 with continuous (inlet and
outlet) collection headers 26, as shown in Figs. 2 and 3. There is no practical location to integrate a WCAH 30 using the
prior art collection headers, particularly since the WCAH 30 must be placed outside of the hot flue gas flow, typically
outside the boiler wall, to function.
[0011] At the same time, it is often not practical or desirable to install two full separate economizer banks spanning
the gas flow path as shown in Fig. 1. In some cases, using two separate banks in series is impractical or requires too
much space, particularly when a pre-existing space is being refitted. Installing two separate full economizer banks can
also add unwanted expense.
[0012] Thus, there is a need for economizer arrangements that allow the use of a water coil air heater with only a
single bank economizer, with the hot and cold economizer banks in parallel, relative to the gas flow, and without the
need for two economizer banks in series, relative to the gas flow.
[0013] U.S. Patent No. 7,637,233 to Albrecht et al. discloses a control system for maintaining a desired heat exchanger
outlet flue gas temperature across a range of boiler loads. The arrangement includes an economizer having two or three
tubular configurations for providing modular heat transfer surfaces for the recovery or extraction of heat from the flue
gas. The two or three tubular configurations each receives a feed of feedwater through an inlet header. All of the tubular
configurations connect to a common outlet header.
[0014] U.S. Patent Application No. 2010/229805 to Cerney et al. discloses an integrated WCAH and economizer
arrangement for a boiler, in which a partial feedwater stream passes through the WCAH before passing into the econ-
omizer, to increase the Log Mean Temperature Difference between the water and the economizer gas.

SUMMARY OF THE INVENTION

[0015] This invention solves the above prior art problems by placing economizer hot and cold bank passes in parallel
relative to the gas flow, instead of in series, in a side-by-side arrangement across a flow of hot flue gas. A WCAH is
placed outside of the hot gas stream, preferably in a separate cool air stream. The WCAH is part of a feedwater flow
path and is installed downstream of the cold pass economizer bank and upstream of the hot pass economizer bank with
regard to the flow of feedwater. Cold and hot pass economizer "banks" may also be referred to as cold and hot pass
economizer "sections".
[0016] Steam generators and boilers use heat to convert water into steam for a variety of applications. When the heat
results from a combustion process, the energy in the hot combustion flue gases needs to be transferred into the water
to increase its temperature, eventually converting the water into steam. Economizers are basically tubular heat exchang-
ers used to preheat the boiler feedwater. They perform a key function in recovering low level (i.e., low temperature)
energy from the flue gas before it is released to the atmosphere.
[0017] An economizer typically comprises one or more banks of tubes (also referred to as banks of heat transfer
surfaces) placed in the flue gas stream. The terms "series" and "parallel" are often used by boiler designers to describe
the arrangement of the surfaces with respect to the flue gas temperature entering or leaving a bank. For example, two
or more banks of economizers are located in "parallel" with respect to the flue gas when the average temperature of the
flue gas entering such banks is about the same. The flue gas temperature exiting from such banks will depend upon the
relative amounts of heating surface in each bank and the amount of water flowing therethrough. Similarly, two or more
banks of economizer are in "series" with respect to the flue gas when the flue gas temperature exiting from an upstream
(with respect to a direction of flue gas flow) bank is the entering flue gas temperature for a downstream (with respect to
a direction of flue gas flow) bank.
[0018] In a preferred arrangement, a single economizer bank includes at least two separate (hot pass and cold pass)
banks in parallel across a hot flue gas flow path. The average temperature of the flue gas entering such banks is about
the same. The arrangement splits the gas flow within the single economizer bank, with part of the flow heating one
section of the bank and the remainder of the flow heating another section of the same bank. See, for example, Fig. 4
where part of the flue gas flow 4 flowing through this section of the cavity 2 passes through the cold bank economizer
22, and another portion of the flue gas flow 4 passes through the hot bank economizer 24. The distance between the
cold bank economizer 22 and hot bank economizer 24 in the schematic diagram of Fig. 4 appears greater than it would
be in many preferred embodiments where there would be only minimal space between the cold and hot bank economizers
22, 24, respectively.
[0019] The arrangement includes an intermediate WCAH 30 arranged to cool feedwater between the cold and hot
economizer banks 22, 24. This parallel arrangement provides increased thermal effectiveness combined with smaller



EP 2 809 991 B1

4

5

10

15

20

25

30

35

40

45

50

55

space requirements. This is an improvement over prior art economizers which could only utilize the energy efficiency
advantages of a WCAH 30 if multiple economizer banks were used in series, as shown in Fig. 1, where the flue gas
temperature exiting from an upstream (with respect to a direction of flue gas flow) bank is the entering flue gas temperature
for a downstream (with respect to a direction of flue gas flow) bank. A preferred embodiment allows the feedwater flow
to be biased between economizer banks and the WCAH 30 by using valves 44.
[0020] In the present arrangement, when the feedwater returns to the hot bank from the WCAH it can better absorb
heat from the flue gas because the feedwater temperature has been lowered. The use of a WCAH between economizer
passes improves boiler efficiency significantly more than arrangements that use an economizer without a WCAH, or
where water only flows through a WCAH only before or after all of the economizer passes. The improved arrangement
of economizer banks in parallel allows for the addition of a WCAH when there is insufficient space to install two long
flow economizer banks in series (with respect to gas flow 4, as in Fig. 1), or to avoid the extra expense of installing two
banks in series.
[0021] With the improved design, a WCAH can be installed at an intermediate location on a single long flow (mini-
header) type economizer bank. A preferred design utilizes a split collection header instead of a single continuous collection
header spanning the entire width of the economizer bank. The split collection header allows the single bank to act as
two banks (cold pass and hot pass) while providing a location between the collection headers to route feedwater away
from the economizer bank, through WCAH, and ultimately back to the second, hot economizer bank. See Figs. 4-5.
[0022] The arrangement provides design and operational flexibility. Beyond single longflow economizers, it can also
be applied to a variety of other heat transfer configurations (horizontal tube economizers, multiple banks of long flow
economizers, etc.) in combination with WCAH’s to achieve desired outlet conditions. The arrangement is not limited to
longflow economizers. The multiple gas path, split bank with intermediate WCAH concept can be applied, for example,
to most boiler economizer arrangements.
[0023] One embodiment of the invention is a boiler economizer arrangement comprising a cavity for routing heated
flue gas, the cavity having side walls including a first economizer side wall and a second economizer side wall, wherein
the first and second economizer side walls are opposite each other. The cavity has an upstream direction which receives
a stream of heated flue gas and a downstream direction for exiting flue gas.
[0024] An economizer bank stretches most or all of the way from the first economizer side wall to the second economizer
side wall. The economizer bank includes a plurality of sections including at least a cold pass bank economizer and a
hot pass bank economizer. The cold pass bank economizer and the hot pass bank economizer are positioned in a
parallel arrangement such that each bank receives a different portion of the stream of heated flue gas flow. The economizer
may be designed so that the cold pass bank economizer abuts one side wall while the hot pass bank economizer abuts
the other opposite side wall.
[0025] One embodiment of the present invention is described by claim 1.
[0026] In one aspect of the arrangement, the cold pass bank and the hot pass bank each comprise at least one
collection header and a plurality of mini-headers connected to each collection header.
[0027] A water coil air heater is positioned outside of the cavity and adapted for transferring heat from a flow of
feedwater flowing inside the water coil air heater to a stream of air outside of the water coil air heater.
[0028] A feedwater inlet is provided for receiving the flow of feedwater into the economizer arrangement and a feedwater
outlet is provided for the flow of feedwater exiting the economizer arrangement. At least one valve is adapted including
for controlling the path of the flow of feedwater, such as between the cold pass bank and the water coil air heater.
[0029] The economizer arrangement is adapted to route a flow of feedwater from the feedwater inlet, then to the cold
pass bank, then outside the economizer arrangement to the water coil air heater, then back into the economizer ar-
rangement to the hot pass bank, and finally to the feedwater outlet and out of the economizer arrangement.
[0030] The economizer arrangement may be part of any boiler arrangement including a process recovery boiler or
any other second boiler.
[0031] The various features of novelty and other non-limiting aspects and/or objects of the disclosure which characterize
the invention are pointed out with particularity below and in the claims annexed to and forming part of this disclosure.
For a better understanding of the present invention, and the operating advantages attained by its use, reference is made
to the accompanying drawings and descriptive matter, forming a part of this disclosure, in which a preferred embodiment
of the invention is illustrated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The following is a brief description of the drawings, which are presented for the purposes of illustrating the
exemplary embodiments disclosed herein, where like reference numbers are used to refer to the same or functionally
similar elements and not for the purposes of limiting the same.

FIG. 1 is a schematic view of a prior art arrangement comprising separate hot and cold economizer banks in series
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and a water coil air heater;
FIG. 2 is a perspective drawing of a bottom portion of a prior art economizer bank;
FIG. 3 is a plan view diagram of a prior art economizer cold bank;
FIG. 4 is a schematic view of a split bank economizer arrangement in parallel of the present arrangement; and
FIG. 5 is a plan view of a split bank economizer bank of the present arrangement.

DESCRIPTION OF THE INVENTION

[0033] A more complete understanding of the processes and apparatuses disclosed herein can be obtained by refer-
ence to the accompanying drawings. These figures are merely schematic representations based on convenience and
the ease of demonstrating the existing art and/or the present development, and are, therefore, not intended to indicate
relative size and dimensions of the assemblies or components thereof.
[0034] Although specific terms are used in the following description for the sake of clarity, these terms are intended
to refer only to the particular structure of the embodiments selected for illustration in the drawings, and are not intended
to define or limit the scope of the disclosure. In the drawings and the following description below, it is to be understood
that like numeric designations refer to components of like function.
[0035] It should be noted that many of the terms used herein are relative terms. For example, the terms "inlet" and
"outlet" are relative to a direction of flow, and should not be construed as requiring a particular orientation or location of
the structure.
[0036] To the extent that explanations of certain terminology or principles of the steam generating arts may be necessary
to understand the present disclosure, the reader is referred to Steam/its generation and use, 41 st Edition, Kitto and
Stultz, Eds., Copyright © 2005, The Babcock & Wilcox Company.
[0037] Referring now to the drawings, Fig. 4 is a schematic diagram of a preferred boiler economizer arrangement 1
embodying the invention.
[0038] The economizer arrangement 1 will typically be part of a larger arrangement for capturing heat energy from a
flowing gas and transferring it to another flowing substance for use in power generation. This may be capturing furnace
combustion heat from hot flue gas. Preferably, the economizer arrangement 1 is located in the path of moving heated
flue gas flow 4 downstream from other heat absorbing equipment, such as superheaters, which will have partially cooled
the flue gas flow 4 by the time it reaches the economizer. However, the present invention is not limited to economizer
arrangements which are physically part of the boiler and furnace combustion equipment, and alternatively may be a
separately located arrangement of an economizer at the plant.
[0039] The heated flue gas is conveyed from the heat source down a path which may include the first economizer
side and second economizer side walls 6, 8, respectively. As used herein, the term economizer side wall refers to
enclosure walls which convey the flue gas and which surround the economizer arrangement 1. These enclosure walls
are typically casing, but may be comprised of heating surface, conveying water, steam, or mixtures thereof. The path
of the flue gas flow 4 may be generically referred to as a cavity 2 for conveying heated flue gas. Cavity 2 may also be
referred to as an "enclosure" which conveys the heated flue gas. Preferably, the cavity 2 is defined by a first economizer
side wall 6 and a second economizer side wall 8, with the first and second economizer side walls being opposite each
other. The flue gas path may be a single continuous cavity, or it may split or branch as needed. The cavity 2 has an
upstream direction 10 where heated flue gas comes from, often being the direction where combustion or other heat-
generating reaction takes place. The cavity also has a downstream direction 12 that eventually leads to an opening to
atmosphere. The cavity 2 will often be rectangular in cross section but is not limited to any particular shape.
[0040] An economizer bank 20 stretches substantially from a first economizer side wall 6 to a second economizer side
wall 8. Preferably the economizer bank takes up most or all of a cross-section of the cavity 2 so that a maximum portion
of the passing flue gas flow 4 is forced to contact the bank for maximum heat transfer. The economizer bank includes
at least two banks, typically including a cold pass bank economizer 22 where feedwater transits first, and a hot pass
bank economizer 24 where the feedwater transits later. Preferably, the cold pass bank economizer 22 and the hot pass
bank economizer 24 are positioned in a parallel arrangement relative to the flue gas flow 4 to collectively span substantially
across the width of the cavity 2 as shown, for example, in Figs. 4-5. Similar arrangements using more than two banks
are possible. Different shapes and arrangements can be used without departing from the general concept of filling a
single cross-section of the cavity with more than one separate pass bank for heat transfer. The pass banks may be of
equal size, or of different sizes.
[0041] In a preferred embodiment each cold pass bank economizer 22 and hot pass bank economizer 24 includes at
least one collection header 26 and a plurality of mini-headers 28 connected to each collection header 26. There may
be one hot pass split collection header 26 for the hot pass bank economizer 24 and one cold pass split collection header
26 for the cold pass bank economizer 22. Each mini-header may in turn be connected to a number of pipes or tubes 29.
See, generally, Fig. 5 in light of Fig. 2. Many other economizer designs may be used with the arrangement, however,
to maximize the surface area available for heat transfer from the flue gas flow 4 to the feedwater 32. The general principle
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is that feedwater enters each economizer bank through preferably one opening, then spreads out through a network of
(typically branching, winding, and/or having heat-conducting protrusions) pipes and tubes to increase surface area and
residence time in the heated zone, and then consolidates back down to preferably another single opening which routes
warmed feedwater out of the economizer bank.
[0042] One aspect of the invention is that a water coil air heater 30 ("WCAH") is positioned in the flow path for the
feedwater 32 upstream of at least one hot pass bank economizer 24 and downstream of at least one cold pass bank
economizer 22. The WCAH 30 will typically need to be positioned outside of the cavity 2 containing the flow of heated
flue gas flow 4, preferably in a stream of cooler air which may be routed into the a furnace. This is so that some heat
will be transferred back out of the newly-warmed feedwater 32, via the WCAH 30, and into the stream of cooler air. After
the feedwater is cooled in the WCAH 30, it proceeds to another pass bank economizer 24 to be heated again by the
flue gas flow 4. Various embodiments of this general concept, such as alternating three or more pass banks with two or
more WCAHs, are possible. The WCAH can take a number of forms, and the arrangement is not limited to a particular
type of WCAH.
[0043] The economizer arrangement 1 preferably includes at least one feedwater inlet 40 for receiving water into the
economizer arrangement. The feedwater inlet 40 may lead to an economizer pass bank. The arrangement also preferably
includes at least one heated water outlet 42 for water flow exiting the economizer arrangement 1.
[0044] Preferably, the economizer arrangement includes at least one valve 44 for controlling a flow of water between
the cold bank economizer 22 and the water coil air heater 30. Valves 44 might be adapted for biasing feedwater flow
between economizer banks (22, 24), and for either routing water into a WCAH 30 or bypassing a WCAH 30.
[0045] In the illustrative embodiments, feedwater 32 enters the economizer arrangement 1 at the feedwater inlet 40.
The feedwater proceeds through the cold bank economizer 22 where it flows through a branching series of header(s),
mini-headers, and tubes which have a large collective surface area. Heat is transferred from the flowing flue gas flow 4
to the feedwater 32 through the surfaces of the cold bank economizer 22. The feedwater converges again, typically in
a header, and leaves the cold bank economizer. The feedwater then proceeds via a pipe out of the second economizer
side wall 8 of the cavity 2, through an open valve 44, and into a WCAH 30. In the WCAH 30 the feedwater sheds some
heat energy into a passing stream of air 34. The cooled feedwater then flows out of the WCAH 30, back into the cavity
2 and into the hot bank economizer 24. The feedwater is heated again by the hot gas flow 4 through the branching flow
paths of the hot bank economizer 24 similar to the cold bank economizer 22. The reheated water then proceeds out of
the enclosure via an outlet 42 and eventually to a drum (in recirculating boilers) or furnace surface (once-through boilers).

[0046] Table 1 illustrates that a multiple gas path, parallel (with an intermediate WCAH) economizer (with hot and cold
pass banks in parallel relative to the gas flow) provides an additional 40+ K (70+ F) degrees of subcooling over a similar
sized conventional economizer arrangement (with two 13 m (42ft) economizer columns - hot and cold pass banks in
series relative to the gas flow). With this additional subcooling, the economizer heating surface can be increased while
maintaining steaming economizer design margins. Table 1 shows that a 30.5 m (100 ft) tall economizer bank (far right
column) can achieve low economizer exit gas temperatures (EEGT) while still maintaining 278 K (40F) subcooling. Thus,
the current arrangement both improves economizer performance and lowers costs.
[0047] The arrangement is particularly useful for retrofitting older installations where space is fixed and limited, but
where the efficiency advantages of a WCAH are desired.
[0048] For example, the arrangement could be applied successfully in process recovery (PR) boilers undergoing low
odor conversions. Environmental regulations are driving low odor conversions in the existing direct contact evaporator
recovery boiler fleet. A recovery boiler is used in the Kraft process of wood pulping where chemicals for white liquor are
recovered and reformed from black liquor, which contains lignin from previously processed wood. The black liquor is
burned, generating heat, which is usually used in the pulping process or in making electricity, much as in a conventional
steam power plant. When a low odor conversion of a pulping facility is completed, the direct contact evaporators are
replaced with multiple effect evaporators. As a result of this change, the flue gas temperature leaving the unit no longer
needs to be 589 + degrees K (600+ degrees F). Typically, to re-gain efficiency on low odor conversions, gas temperature
is reduced by the addition of economizer surface. The multi-gas path arrangement with an intermediate WCAH of the
present arrangement increases efficiency over that which is possible with traditional single or multiple bank longflow

Table 1: Prior Art Long Flow (mini-header) Economizer vs. Side-by-Side Long Flow (mini-header) Economizer

Prior Art Economizer Parallel Economizer, (50:50 hot:cold split)

Economizer Height m (ft) 13 (42) 13 (42) 30.5 (100)

Subcooling Lvg Econ K (ºF) 270 (27) 311 (101) 278 (40)

Gas temperature leaving K (ºF) 582 (588) 575 (576) 494 (430)
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economizer arrangements.
[0049] Additionally, the multi-gas path economizer arrangement could be applied to other types of boilers, including
but not limited to waste-to-energy applications and biomass combustion technologies.
[0050] The multi-gas path parallel economizer banks design brings a number of advantages. The arrangement achieves
higher heat absorption rates within a single long flow bank than were previously possible. It was previously necessary
to add a second full flow bank in series (with respect to gas flow as in Fig. 1) in order use a WCAH and thereby to more
efficiently cool flue gas. The arrangement includes the flexibility to define shapes and relative sizes of the cold and hot
pass heating surfaces. The location of a collection header split 46 can be tailored to maximize unit performance (see Fig. 5).
[0051] The integration of economizers to a WCAH 30 allows the biasing of water between the components, including
by using valves 44. The arrangement has the capability to control gas temperature leaving the economizer, water
temperature leaving the economizer, and/or air temperature leaving the water coil air heater.
[0052] The arrangement could also be implemented, for example, using a horizontal flow continuous tube economizer
instead of long flow-mini header type economizer banks. A continuous tube economizer could be split with intermediate
headers which leave a cavity 2, bring feedwater to a WCAH 30, and then return cooled feedwater to the continuous tube
economizer.

Claims

1. An economizer arrangement (1) comprising:

a cavity (2) for conveying heated gas flow, the cavity having a first economizer side wall (6) and a second
economizer side wall (8);
the cavity having an upstream direction (10) which receives a stream of heated gas flow and a downstream
direction (12) for exiting gas flow;
an economizer bank (20) stretching substantially from the first economizer side wall to the second economizer
side wall, the economizer bank comprising a plurality of sections including at least a cold pass bank economizer
(22) and a hot pass bank economizer (24), and wherein the cold pass bank and the hot pass bank are positioned
in a parallel arrangement such that each bank receives a different portion of the stream of heated gas flow;
a water coil air heater (30) positioned outside of the cavity and adapted for transferring heat from a flow of
feedwater flowing inside the water coil air heater to a stream of air outside of the water coil air heater;
wherein the economizer arrangement is adapted to route the flow of feedwater into the cold pass bank econo-
mizer, then outside the cavity to the water coil air heater, then back into the cavity into the hot pass bank
economizer, and then out of the economizer arrangement, so that the water coil air heater is downstream of
the cold pass economizer bank and upstream of the hot pass economizer bank with regard to the flow of
feedwater.

2. The economizer arrangement of claim 1, wherein the economizer arrangement comprises a continuous tube econ-
omizer, and wherein the continuous tube economizer comprises a cold portion which is upstream of the water coil
air heater with regard to the flow of feedwater and further comprises a hot portion which is downstream of the water
coil air heater with regard to the flow of feedwater.

3. The economizer arrangement of claim 1, wherein the cold pass bank economizer and the hot pass bank economizer
are arranged in a parallel arrangement relative to the gas flow.

4. The economizer arrangement of claim 1, wherein the cold pass bank economizer and the hot pass bank economizer
each comprise at least one collection header opening into a plurality of mini-headers.

5. The economizer arrangement of claim 1, further comprising:

a feedwater inlet (40) for receiving the flow of feedwater entering the economizer arrangement; and
a feedwater outlet (42) for the flow of feedwater exiting the economizer arrangement.

6. The economizer arrangement of claim 1, wherein the water coil air heater is positioned within a stream of air, and
wherein the water coil air heater is adapted to warm the stream of air on its way to a furnace.

7. The economizer arrangement of claim 1, further comprising at least one valve (44) adapted for controlling the path
of the flow of feedwater including between the cold pass bank economizer and the water coil air heater.
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8. The economizer arrangement of claim 1, wherein the economizer arrangement is connected to a second boiler.

9. The economizer arrangement of claim 1, wherein the cavity is part of a boiler, and wherein the first economizer side
wall and the second economizer side wall are directly opposite each other.

10. The economizer arrangement of claim 9, wherein the cold pass bank economizer is adjacent to one side wall and
the hot pass bank economizer is adjacent to the other opposite side wall.

Patentansprüche

1. Vorwärmeranordnung (1), die Folgendes umfasst:

einen Hohlraum (2) zum Führen eines erwärmten Gasstroms, wobei der Hohlraum eine erste Vorwärmersei-
tenwand (6) und eine zweite Vorwärmerseitenwand (8) besitzt;
wobei der Hohlraum eine Aufwärtsstromrichtung (10), die einen Strom eines erwärmten Gasstroms erhält, und
eine Abwärtsstromrichtung (12) zum Austreten des Gasstroms besitzt;
eine Vorwärmerbank (20), die sich im Wesentlichen von der ersten Vorwärmerseitenwand zu der zweiten
Vorwärmerseitenwand erstreckt, wobei die Vorwärmerbank mehrere Abschnitte umfasst, die mindestens einen
Vorwärmer (22) einer Bank für kalten Durchfluss und einen Vorwärmer (24) einer Bank für warmen Durchfluss
enthalten, und wobei die Bank für kalten Durchfluss und die Bank für warmen Durchfluss in einer parallelen
Anordnung so angeordnet sind, dass jede Bank einen anderen Anteil des Stroms des erwärmten Gasstroms
erhält;
einen Wasserheizspulen-Lufterwärmer (30), der außerhalb des Hohlraums positioniert ist und dazu ausgelegt
ist, Wärme aus einem Fluss von Speisewasser, das innerhalb des Wasserheizspulen-Lufterwärmers fließt, auf
einen Strom von Luft außerhalb des Wasserheizspulen-Lufterwärmers zu übertragen;
wobei die Vorwärmeranordnung dazu ausgelegt ist, den Fluss von Speisewasser in den Vorwärmer einer Bank
für kalten Durchfluss, dann zu dem Wasserheizspulen-Lufterwärmer außerhalb des Hohlraums, dann zurück
in den Vorwärmer einer Bank für warmen Durchfluss in dem Hohlraum und dann aus der Vorwärmeranordnung
heraus zu leiten, derart, dass sich der Wasserheizspulen-Lufterwärmer stromabwärts der Vorwärmerbank für
kalten Durchfluss und stromaufwärts der Vorwärmerbank für warmen Durchfluss bezüglich des Stroms von
Speisewasser befindet.

2. Vorwärmeranordnung nach Anspruch 1, wobei die Vorwärmeranordnung einen Vorwärmer mit einem durchgehen-
den Rohr umfasst und wobei der Vorwärmer mit einem durchgehenden Rohr einen kalten Abschnitt, der sich strom-
aufwärts des Wasserheizspulen-Lufterwärmers bezüglich des Stroms von Speisewasser befindet, umfasst und
ferner einen warmen Abschnitt, der sich stromabwärts des Wasserheizspulen-Lufterwärmers bezüglich des Stroms
von Speisewasser befindet, umfasst.

3. Vorwärmeranordnung nach Anspruch 1, wobei der Vorwärmer einer Bank für kalten Durchfluss und der Vorwärmer
einer Bank für warmen Durchfluss bezüglich des Gasstroms in einer parallelen Anordnung angeordnet sind.

4. Vorwärmeranordnung nach Anspruch 1, wobei der Vorwärmer einer Bank für kalten Durchfluss und der Vorwärmer
einer Bank für warmen Durchfluss jeweils mindestens einen Sammel-Rohrverteiler, der in mehrere kleine Rohrver-
teiler mündet, umfassen.

5. Vorwärmeranordnung nach Anspruch 1, die ferner Folgendes umfasst:

einen Speisewassereinlass (40) zum Erhalten des Stroms von Speisewasser, der in die Vorwärmeranordnung
eintritt; und
einen Speisewasserauslass (42) für den Fluss von Speisewasser, der aus der Vorwärmeranordnung austritt.

6. Vorwärmeranordnung nach Anspruch 1, wobei der Wasserheizspulen-Lufterwärmer innerhalb eines Luftstroms
positioniert ist und wobei der Wasserheizspulen-Lufterwärmer dazu ausgelegt ist, den Luftstrom auf seinem Weg
zu einem Ofen zu erwärmen.

7. Vorwärmeranordnung nach Anspruch 1, die ferner mindestens ein Ventil (44) umfasst, das dazu ausgelegt ist, den
Flusspfad des Speisewassers einschließlich zwischen dem Vorwärmer einer Bank für kalten Durchfluss und dem
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Wasserheizspulen-Lufterwärmer zu steuern.

8. Vorwärmeranordnung nach Anspruch 1, wobei die Vorwärmeranordnung mit einem zweiten Boiler verbunden ist.

9. Vorwärmeranordnung nach Anspruch 1, wobei der Hohlraum Teil eines Boilers ist und wobei die erste Vorwärmer-
seitenwand und die zweite Vorwärmerseitenwand einander direkt gegenüber liegen.

10. Vorwärmeranordnung nach Anspruch 9, wobei der Vorwärmer einer Bank für kalten Durchfluss zu einer Seitenwand
benachbart ist und der Vorwärmer einer Bank für warmen Durchfluss zu der anderen gegenüberliegenden Seiten-
wand benachbart ist.

Revendications

1. Agencement économiseur (1) comportant :

une cavité (2) servant à transporter un écoulement de gaz chauffé, la cavité présentant une première paroi
latérale (6) d’économiseur et une deuxième paroi latérale (8) d’économiseur ;
la cavité présentant une direction amont (10) qui reçoit un flux d’écoulement de gaz chauffé et une direction
aval (12) servant à l’écoulement de gaz sortant ;
un faisceau (20) d’économiseur s’étendant sensiblement de la première paroi latérale d’économiseur à la deuxiè-
me paroi latérale d’économiseur, le faisceau d’économiseur comportant une pluralité de sections comprenant
au moins un économiseur (22) à faisceau de passe froide et un économiseur (24) à faisceau de passe chaude,
et le faisceau de passe froide et le faisceau de passe chaude étant positionnés dans un agencement parallèle
de telle façon que chaque faisceau reçoive une partie différente du flux d’écoulement de gaz chauffé ;
un réchauffeur (30) d’air à serpentin d’eau positionné à l’extérieur de la cavité et prévu pour transférer de la
chaleur d’un écoulement d’eau d’alimentation circulant à l’intérieur du réchauffeur d’air à serpentin d’eau vers
un flux d’air à l’extérieur du réchauffeur d’air à serpentin d’eau ;
l’agencement économiseur étant prévu pour acheminer l’écoulement d’eau d’alimentation jusque dans l’éco-
nomiseur à faisceau de passe froide, puis à l’extérieur de la cavité jusqu’au réchauffeur d’air à serpentin d’eau,
puis en rentrant dans la cavité jusque dans l’économiseur à faisceau de passe chaude, et puis hors de l’agen-
cement économiseur, de telle sorte que le réchauffeur d’air à serpentin d’eau se trouve en aval du faisceau
d’économiseur de passe froide et en amont du faisceau d’économiseur de passe chaude par rapport à l’écou-
lement d’eau d’alimentation.

2. Agencement économiseur selon la revendication 1, l’agencement économiseur comportant un économiseur à tube
continu, et l’économiseur à tube continu comportant une partie froide qui se trouve en amont du réchauffeur d’air
à serpentin d’eau par rapport à l’écoulement d’eau d’alimentation et comportant en outre une partie chaude qui se
trouve en aval du réchauffeur d’air à serpentin d’eau par rapport à l’écoulement d’eau d’alimentation.

3. Agencement économiseur selon la revendication 1, l’économiseur à faisceau de passe froide et l’économiseur à
faisceau de passe chaude étant disposés dans un agencement parallèle par rapport à l’écoulement de gaz.

4. Agencement économiseur selon la revendication 1, l’économiseur à faisceau de passe froide et l’économiseur à
faisceau de passe chaude comportant chacun au moins une rampe de collecte débouchant dans une pluralité de
mini-rampes.

5. Agencement économiseur selon la revendication 1, comportant en outre :

une entrée (40) d’eau d’alimentation servant à recevoir l’écoulement d’eau d’alimentation entrant dans l’agen-
cement économiseur ; et
une sortie (42) d’eau d’alimentation servant à l’écoulement d’eau d’alimentation quittant l’agencement écono-
miseur.

6. Agencement économiseur selon la revendication 1, le réchauffeur d’air à serpentin d’eau étant positionné au sein
d’un flux d’air, et le réchauffeur d’air à serpentin d’eau étant prévu pour réchauffeur le flux d’air en route vers un four.

7. Agencement économiseur selon la revendication 1, comportant en outre au moins une vanne (44) prévue pour
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commander le trajet de l’écoulement d’eau d’alimentation, notamment entre l’économiseur à faisceau de passe
froide et le réchauffeur d’air à serpentin d’eau.

8. Agencement économiseur selon la revendication 1, l’agencement économiseur étant relié à une deuxième chaudière.

9. Agencement économiseur selon la revendication 1, la cavité faisant partie d’une chaudière, et la première paroi
latérale d’économiseur et la deuxième paroi latérale d’économiseur étant directement opposées l’une à l’autre.

10. Agencement économiseur selon la revendication 9, l’économiseur à faisceau de passe froide étant adjacent à une
paroi latérale et l’économiseur à faisceau de passe chaude étant adjacent à l’autre paroi latérale opposée.
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